Earthworm population, soil organic carbon content and β glucosidase enzyme activity in the soil are considered as the indicators of soil quality and biomarkers for toxicity and bioaccumulation assessment. Hence, field experiments were conducted during first crop season (Kharif 2014) and second crop season (Rabi 2014-15) to study the impact of pre-mix herbicide mixtures bispyribac-sodium + metamifop and penoxsulam + cyhalofop-butyl on earth worm population , soil organic carbon content and β glucosidase enzyme activity in soil. The experiments were conducted in randomized block design with 12 treatments and three replications at Upaniyoor Padashekaram in Thiruvananthapuram district of Kerala, India. The treatments were bispyribac-sodium + metamifop at 60, 70, 80 and 90 g/ha, penoxsulam + cyhalofop-butyl at 120, 125, 130 and 135 g/ha, bispyribac-sodium applied alone 25 g/ha, penoxsulam applied alone at 22.5 g/ha, hand weeding twice and weedy check. All the herbicide treated plots registered earthworm population at par to weedy check and hand weeding. The organic carbon content in soil was higher in herbicide treated plots as compared to weedy check at all the stages of crop growth. Herbicide treated plots were comparable to non-herbicide treated plots with respect to glucosidase activity. It was concluded that the pre-mix bispyriibac-sodium + metamifop and penoxsulam + cyhalofop are environmentally safe.
Impact of herbicide mixtures on earth worm population, organic carbon content and β glucosidase enzyme activity in soil
Earthworm population, soil organic carbon content and β glucosidase enzyme activity in the soil are used as bioindicators of soil fertility and biomarkers for toxicity and bioaccumulation assessment (Nusetti et al. 1999 , Gobi et al. 2004 ). Since, earthworms play a major role in soil quality by shredding residues, stimulating microbial activity and decomposition, improving soil fertility and soil physical properties; they are of great significance in the recycling of carbon and nitrogen in the ecosystem. Soil organic carbon is the important constituent of soil providing energy to the microorganisms and releasing nutrients to the plants through mineralization process (Abbas et al. 2015) . β glucosidase enzymes releases low molecular sugars from organic matter, the important energy sources of microorganisms (Tabatabai 1994, Bandick and Dick 1999) .
Weeds are the major biological constraint in direct-seeded rice due to the simultaneous emergence of crop and weeds and absence of water at the time of seedling emergence. Herbicidal management of weeds is the only viable and economic option for the control of weeds. But the continuous use of same herbicide or herbicides with similar mode of action will lead to the development of herbicide resistance and shift in weed flora either slowly or rapidly. One of the recent effective ways to overcome this problem is the use of herbicide mixtures. Herbicide mixtures contain two or more herbicides with different mode of action. Penoxsulam + cyhalofop-butyl 6% OD and bispyribac-sodium + metamifop 14% SE are the two new generation pre-mix herbicide mixtures which are having broad-spectrum activity and are more effective in controlling weeds compared to the individual application (Raj 2016) . Penoxsulam + cyhalofop-butyl 6% OD is a pre-mix herbicide mixture containing, penoxsulam, a post-emergence broad-spectrum herbicide of triazolopyrimidine group inhibiting the enzyme acetolactate synthase and cyhalofop-butyl, also a post-emergence grass effective herbicide of group aryloxyphenoxypropionate, inhibiting acetyl CoA carboxylase enzyme. Similarly, bispyribac-sodium + metamifop 14% SE contains, bispyribac-sodium, a postemergence herbicide of group pyrimidinylcar-boxate inhibiting acetolactate synthase and metamifop also a post-emergence grass effective herbicide of group aryloxyphenoxypropionate group inhibiting acetyl CoA carboxylase. Latha and Gopal (2010) reported that large proportion of herbicides accumulate in the top 0-15 cm layer of soil due to the application of pre-and post-emergence herbicides. Several workers opined that herbicides have adverse effect on the survival of earthworms as well as its growth and reproduction and organic carbon content in soil (Zhou et al. 2007, Correia and Moreira 2010) . Trimurtulu et al. (2015) pointed out that the herbicides, pendimethalin, oxyfluorfen and pretilachlor increased the organic carbon content in soil. However, Baboo et al. (2013) reported significant reduction in organic carbon level in soil after the application of herbicide. Mishra et al. (2013) revealed that significant quantity of organic matter accumulated in weedy check and hand weeded conditions compared to herbicides. β glucosidase enzyme is a soil quality indicator which gives the reflection of past biological activity and the capacity of soil to stabilize the soil organic matter (Bandick and Dick 1999, Ndiaye et al. 2000) . Depending on the nature and concentration of herbicide, incubation period and soil condition, application of herbicide influence the β glucosidase activity in soil (Hussain et al. 2009 ).
According to Constenla et al. (1990) and Hoerlein (1994) , preferred herbicides should not only have good efficacy in controlling weeds, but also pose minimum adverse effects to crop, ecology and environment. Hence the present investigation was undertaken to study the effect of herbicide mixtures, penoxsulam + cyhalofop-butyl and bispyribacsodium + metamifop on earth worm population, soil organic carbon content and β glucosidase enzyme activity in soil, to ensure the environmental safety of these herbicide mixtures.
MATERIALS AND METHODS
Field experiments were conducted during the first (Kharif 2014) and second (Rabi 2014-15 The soil was sandy clay loam, acidic in reaction, high in organic carbon and medium in N, P and K status.The experiment was laid out in a randomized block design with 12 treatments and three replications. The treatments were bispyribac-sodium + metamifop at 60, 70, 80 and 90 g/ha, penoxsulam + cyhalofop-butyl at 120, 125, 130 and 135 g/ha, bispyribac-sodium applied alone 25 g/ha, penoxsulam applied alone 22.5 g/ha, hand weeding twice and weedy check. The herbicides were applied on 15 DAS as per the treatment schedule using knapsack sprayer fitted with flat fan nozzle. The spray fluid used for the study was 500 l/ha. The variety used was 'Kanchana', a short duration variety released from Regional Agricultural Research Station, Pattambi of Kerala Agricultural University. The crop was fertilized with 70:35:35 kg/ha N, P and K, with one third N and K and half P applied on 15 DAS (days after sowing), one third N and K and half P on 35 th day and remaining one third N and K on 55 th day of sowing.
Soil samples for soil organic carbon estimation and β glucosidaseenzyme activity were collected with the help of soil auger at 15 DAS (just before herbicide application), 30 DAS (15 days after herbicide application), 60 DAS (45 days after herbicide application) and at harvest stage. Four samples of soil were collected from each experimental plot to a depth of 15 cm, mixed thoroughly to form a composite sample and kept in a polythene bag and stored at 4°C. The enzyme assay was completed within a week. β glucosidaseenzyme assay was carried out by incubating the soil with buffered (pH 6.0) para nitrophenyl β glucopyranoside. Para nitrophenol released was determined and expressed as µg para nitro phenol g/soil/h (Eivasi and Tabatabai 1988) . After the estimation of β glucosidaseenzyme activity in soil, soil samples were shade dried, sieved through a 0.2 mm sieve and analysed for organic carbon content by rapid titration method (Walkley and Black 1934) .
Estimation of earthworms was carried out before the sowing and after the harvest of first and second crop. Two representative samples from each plot were collected for the estimation of earthworm population. Sampling area was plotted with one metre square wooden frame. Soil samples were drawn up to 10 cm depth (Bano and Kale 1991). The soil lumps were broken and the soil was passed through the fingers to sort out the worms. The smaller worms were collected by passing through a sieve of 3-4 mm size. The worms were then counted.The data generated were statistically analysed using analysis of variance technique (ANOVA) and difference between the treatment means was compared at 5% probability level.
RESULTS AND DISCUSSION

Effect on earth worm population
Data on earthworm population indicated that before herbicide spraying, the average number of earthworms present in the experimental field was 3.8/ m 2 and 3.2/m 2 for the first and second crop seasons, respectively and no significant difference was observed among the treatments (Table 1) . After the experiment, during both the seasons, an increase in earthworm population was observed irrespective of the treatments.The earthworm population recorded after the first and second crop was 3.9 and 7.3 no./ m 2 , respectively and no significant variation could be observed among the treatments ( Table 1) . Though not significant, all the herbicide treated plots registered the same number or more of earthworms per square metre compared to weedy check and hand weeding ( Table 1) . This implies that, the tested herbicide mixtures and their doses did not leave any toxic residue in soil to affect the earthworm population.The results of the experiment also conforms the findings of Scott and Pollak (2005) . Zarea (2010) also reported that, herbicides in general showed low toxicity towards earthworms. Post experiment observations of second season indicated an increase in earthworm population, in all the treatments as compared to first crop season. This might be due to higher organic carbon content in the soil (Table 2) resulting from the higher glucosidase enzyme activity (Table 3) . β glucosidase is an enzyme plays a major role in the microbial degradation of cellulose to glucose, an important source of carbon for the life of microorganisms in soil (Tabatabai 1994) . Fonte et al. (2009) opined that earth worm population in the soil appears to be closely linked with total carbon and N content in the soil.
Effect on organic carbon content in soil
Data on organic carbon content indicated an increasing trend from 15 to 60 DAS and a decline at harvest stage ( Table 2 ). The highest soil organic carbon content noticed at 60 DAS corresponds to booting stage of the crop. At 15 DAS (just before herbicide application), there was no significant difference among the treatments in organic carbon status of the soil during both the seasons.
Weed management treatments significantly influenced the organic carbon content of the soil at 30 and 60 DAS and at harvest stage during both the seasons ( Table 2) . It has been observed that compared to weedy check, the hand weeding treatment and herbicide treatments recorded comparable or higher organic carbon content in the soil at 30 DAS (15 days after herbicide application), 60 DAS (45 days after herbicide application) and at harvest stage. These results indicated that, applied herbicides at their tested doses did not have any adverse impact on the organic carbon content of the soil. This might be due to increased microbial activity resulting from the release of root exudates into the rhizosphere. Presence of herbicides in the rhizosphere of plant influence the physiological activities of the host plant root system which lead to the release of more quanta of exudates and indirectly result in higher level of organic carbon in the rhizosphere soil (Trimurtulu et al. 2015) . Root exudates are organic substrates comprising of simple and complex sugars, amino acids, vitamins, proteins and phenolics which stimulate the microbial growth (Dakora and Philips 2002). The quantity of organic carbon released by plants to the rhizosphere may amount to 40% of the total dry matter produced by the plant (Lynch and Whips 1990) . Sebiomo et al. (2011) reported an increase in organic matter content ), NS -non significant Sheeja K Raj and Elizabeth K Syriac of the soil from second week of herbicide application. Maximum organic carbon content in the soil was observed at 60 DAS, it might be due to the vigorous crop growth at the booting stage resulting in greater root exudation (Dotanita et al. 2014) . Organic carbon showed a reduction at harvest stage might be due to the decline in the release of root exudates into the soil by plant roots due to senescence and continuous decomposition of organic matter.
Effect on β glucosidaseenzyme activity β glucosidase enzyme plays a major role in organic matter mineralization in the soil ecosystem. Weed management treatments significantly influenced β glucosidase enzyme activity in soil at 30 and 60 DAS and at harvest stage during both the seasons; however at 15 DAS (just before herbicide application), no significant difference was observed among the treatments (Table 3) . During both the seasons at 30 DAS (15 DAHA), a decline in β glucosidase enzyme activity was observed in all the treatments. The decline in β glucosidase enzyme activity observed at 30 DAS might be due to changes in soil pH. β glucosidase enzyme activity is very sensitive to pHchanges and soil management practices (Martinez and Tabatabai 2000) . Soil pH affects the activity of soil enzymes through its controls on microbial enzyme production, ionizationinduced conformational changes of enzymes, and availability of substrates and enzymatic co-factors (Tabatabai 1994) . All the herbicide treated plots recorded higher or comparable glucosidase activity at 30 and 60 DAS and at harvest stage, as that of nonherbicide treated plots. This implies that, the applied Trimurtulu et al. (2015) reported that presence of herbicides in the rhizosphere stimulates the physiological activities of the host plant root system and enhanced the release of root exudates into the rhizosphere. The organic root exudates will provide a variety of liable carbon compounds to soil which will stimulate the enzyme activity by the microorganisms (Kotroczo et al. 2014) . Several researchers have reported the enhanced β glucosidase activity followed by herbicide application (Saha et al. 2012 , Santric et al. 2014 . β glucosidase enzyme activity was found to increase from 30 DAS, and reached the maximum at harvest stage. The increased root activity at 60 DAS might have stimulated the bacterial and fungal population that are likely a significant source of β glucosidase enzyme. There is considerable evidence suggesting that β glucosidase is an extra cellular enzyme secreted mainly by bacteria and fungi (Sinsabaugh and Moorhead 1994, Veena et al. 2011) . Maximum β glucosidase enzyme activity values observed at harvest stage might be due to an increase in the amount of decomposing litter in the soil, since the crop is in the senescence stage. Larson et al. (2002) reported that increased inputs of soluble organic constituents' increases the β glucosidase enzyme activity in soil.
It can be concluded that application of herbicide mixtures, bispyribac-sodium + metamifop at 60, 70, 80 and 90 g/ha and penoxsulam + cyhalofop-butyl at 120, 125, 130 and 135 g/ha at 15 DAS did not have any adverse effect on non-target organism, viz. earth worm, organic carbon content and β glucosidase enzyme activity in soil, the biological indicators of soil fertility and biomarkers of toxicity. Post-emergence application of herbicide mixtures recorded comparable or higher number of earth worms per square meter, β glucosidase enzyme activity and organic carbon content in the soil as compared to non-herbicide treatments, viz. weedy check and hand weeding twice. Hence the herbicide mixtures, bispyribac sodium + metamifop at the tested doses, i.e. 60, 70, 80 and 90 g/ha and penoxsulam + cyhalofop butyl at 120, 125, 130 and 135 g/ha are environmentally safe.
